Context. The primary goal of the Kepler mission is the measurement of the frequency of Earth-like planets around Sun-like stars. However, the confirmation of the smallest of Kepler's candidates in long periods around FGK dwarfs is extremely difficult or even beyond the limit of current radial velocity technology. Transit timing variations (TTVs) may offer the possibility for such confirmations of near-resonant multiple systems by the mutual gravitational interaction of the planets. Aims. We previously detected the second planet candidate in the KOI 1574 system. The two candidates are relatively long-period (about 114d and 191d) and in 5:3 resonance. We therefore search for TTVs in this particularly promising system. Methods. The full Kepler data was detrended with the proven SARS pipeline. The entire data allowed searching for TTVs of the above signals, as well as searching for additional transit-like signals.
Introduction
It is very difficult to detect, and even more difficult to confirm, small planets orbiting in long periods around their host starwhere the liquid-water habitable zone (HZ) resides. This is relatively easier for M dwarf host stars since they are both smaller and lighter than Sun-like stars, making the respective transit and radial velocity signals larger. These considerations, coupled with the M dwarfs prevalence in the stellar population, are behind the great interest in M dwarfs and their HZ planets (e.g. AngladaEscudé et al. 2012) . However, for more massive stars, like the Sun and the bulk of the Kepler target stars, small HZ planets remain elusive targets. The few small HZ planets that were detected so far (e.g. Kepler-22, Borucki et al. 2012 ) are all either around M dwarfs or with no dynamical confirmation (i.e., no mass measured). One way to positively detect such objects is using transit timing variations: in near-resonant systems the amplitude of these variations can allow detecting small planets, even down to Earth-mass, in Kepler's data (Holman & Murray 2005) .
KOI 1574 was flagged in Batalha et al. 2013 as having a relatively deep (∼ 0.5%) candidate with a period of P 01 ≈ 114d (hereafter KOI 1574.01). Ofir & Dreizler (2013, hereafter OD13) re-analyzed all of Kepler's KOIs and found 84 new transiting planets candidates in these light curves. Among them, OD13 identified an additional candidate in the KOI 1574 system using quarters 0 through 6 data. The additional outer candidate is in 5:3 resonance with KOI 1574.01, or a period of P 02 ≈ 191d (hereafter also KOI 1574.02). In this work we describe the KOI 1574 planetary system, and KOI 1574.02 in particular, as the first detection of a transiting super-Earth mass in a long period (near the HZ of KOI 1574). We present the spectral analysis of the host star on §2, light curve processing on §3, the observed TTVs and the resultant derived masses on §4, and conclude.
Spectral analysis

Observed spectra
We used two spectra of KOI 1574 for spectral analysis. The first one has been downloaded from the Kepler Community Followup Observing Program (CFOP) website 1 . The spectrum was taken by Erik Brugamyer and William Cochran using the (Tull) Coude spectrograph at the 2.7 meter (Harlan J. Smith) telescope at the McDonald Observatory on JD 2455703.83350 with an exposure time of 2900 sec. The spectrograph has a resolution of 60 000 and covers a spectral range from about 3750 Å up to 10 000 Å. The useful range is however restricted to 4250-9000 Å due to low signal-to-noise outside this range. The spectrum has been reduced with IRAF applying standard processing.
The second spectrum has been taken with the Hobby Eberly Telescope (HET; Ramsey et al., 1998) with the High Resolution Spectrograph (HRS; Tull et al., 1995) in a setup (15k central 600g5271 2as 2sky IS0 GC0 2x5) which provides a resolution of 15 000 and a wavelength coverage from 4260 Å to 6220 Å. It has been obtained on 2012-09-23 (JD = 2456193.705981) with an exposure time of 2400 sec. Using the IDL based REDUCE package (Piskunov & Valenti, 2002 ) the spectrum was bias corrected, flat-fielded, optimally extracted, and finally wavelength calibrated using a ThAr lamp.
Model atmosphere fitting
At the Kepler-CFOP web page Sam Quinn provided the following analysis for the McDonald coude spectrum: T eff =5750 K, log(g) = 4.0, V rot =4 km/s at solar metallicity. It has to be noted that the uncertainties are estimated to be ±125 K, ±0.25 dex, and ±1 km/s for the effective temperature surface gravity and rotational velocity. Due to the correlation between metallicity and effective temperature, a variation of the metallicity by 0.2 dex would result in an additional uncertainty of the the effective temperature of about 200 K. From a comparison of these values with stellar evolution models, the mass determination of the central star would be uncertain by 20-30%.
In order to improve the parameter determination we performed a model atmosphere fitting using the newest PHOENIX model grid (Husser et al. 2012) . Models are available in steps of 100 K, 0.5 dex, and 0.5 dex in effective temperature, surface gravity and metallicity. The microturbulence is not a free parameter but is derived from a scaling law using the mean convective velocity with each model. This scaling relation has been calibrated using 3D radiative transport on 3D hydrodynamical simulations. Other improvements compared to earlier models is a new equation of state as well as spherical symmetry for all models. We use a Levenberg-Marquardt optimization to fit the effective temperature, surface gravity, metallicity, and rotational velocity (only in the higher resolved McDonald spectrum) simultaneously with a polynomial for the continuum for each spectral order. The surface gravity, however, was allowed to vary in a small interval log(g)=[3.9,4.0] only, which can be derived from the ratio of the stellar radius and the orbital period of the planet taken from the light curve analysis ( §3), Kepler's Third Law, and stellar evolution models. The final values and errors are weighted means over all spectral orders. It should be noted that we multiplied the errors by a factor of two in order to account for systematic errors, e.g. from the fact that the model atmospheres have to be calculated in 1D, allowing to treat convection only in the mixing length approximation, or from the fact that the instrumental broadening was approximated with a Gauss-profile.
The stellar parameters determined from the two spectra (see Table 1 and also Fig. 1 ) marginally agree within their 1 σ errors. For the final stellar parameters we adopt a mean from the two determinations. The parameters reported in CFOP reveal a slightly higher effective temperature. It should be noted that a solar abundance was assumed in that case. With our slightly sub-solar metallicity a somewhat lower effective temperature is needed to achieve similar line strengths of the mainly neutral metal lines.
We use the stellar parameters to compare KOI 1574 with Padova stellar evolution models (mass fraction for hydrogen X = 72.3%, Helium 26% and metals Z = 1.7%; (Bertelli et al. 2008) ) as well as with Y 2 models (mass fraction for hydrogen X = 71%, Helium 27% and metals Z = 2% (Yi et al. 2001 , Kim et al. 2002 , Yi, Kim, & Demarque 2003 , Demarque et al. 2004 ). KOI 1574 is a star at the end of its main sequence phase. The slightly sub-solar metallicity is consistent with an age of Table 1 (shaded area) compared to Padova stellar evolution models (solid line) and Y 2 models (dashed line). Note that the models differ slightly in their chemical composition. The bold regions on the tracks indicate the ratio of the stellar radius to the semi major axis of the planetary orbit derived from its orbital period, the mass of the stellar model, and Kepler's Third Law. The "+" symbols indicate 1Gyr time steps. about 7-8 Gyr. We derive a stellar mass of 1.1 M ± 0.05 M , which takes into account the dependence of the chemical composition as well as possible systematic errors in the evolution models. This results in a stellar radius of 1.82 R ± 0.04 R .
Light curve analysis
Preprocessing and detection
We use the full Kepler data -quarters 1 through 16 -in our analysis. The additional data includes a few more transits of KOI 1574.01 relative to OD13, and importantly -the third and forth transit events of KOI 1574.02 (unfortunately the star fall on the inactive Module 3 during Quarters 7, 11 and 15 and transits that did occur were not observed). We applied nearly the same processing as in OD13 to the entire dataset. In short, it includes the removal of long-term trends by the application of a median filter to each continuous section individually, and the identification and removal of both additive and relative systematic effects in the data simultaneously with the SARS algorithm (Ofir et al. 2010) . The only differences were: (a) the inclusion of a correction for crowding and flux ratio effects as in eq. 2 of Stumpe et al. (2012) , (b) the use of the newly-available target-specific status indicator to identify continuous sections instead of a global anomaly table, and (c) active avoidance of variable stars (KOIs, eclipsing binaries and red giants) from the SARS learning set.
We re-searched the KOI 1574 system for transit signals and found the previous two signals very significantly. We then searched for transit time variations (TTVs) for each signal by fitted the linear-ephemeris model (computed using the Mandel and Agol (2002) formalism) to each one of the individual transits, allowing only for the time of mid-transit to vary. Indeed, KOIs 1574.01 and 1574.02 showe strongly anti-correlated TTVs (see Fig. 3 and discussion on §4). These anti-correlated TTVs, coupled with the dynamical simulations that give strong limits on the masses of the two objects, allow us to dynamically confirm the KOIs 1574.01 and 1574.02 signals as true planets in the same planetary system. We therefore name these planets Kepler-87 b and c, respectively.
After the above initial TTVs-corrected modeling we modeled-out the planets and re-calculated the background longterm trends and re-fitted the planets -till convergence. We then removed the Kepler-87 b and c models completely and applied the Optimal Box Least Squares technique to search for additional transit signals in the residuals, and detected two additional short-period transit-like signals with periods of P 03 ≈ 5.83d and P 04 ≈ 8.97d above the 7.1σ significance thresholdhereafter KOI 1574.03 and KOI 1574.04, respectively. We note that the 1574.03 signal was also identified by the Kepler team in the Q0-Q8 data 2 . The new signals also passed all the other tests described in OD13. Actually, At this point we custom-fitted the long-term filter for this particular object: we changed the general segmented median filter to a segmented Savitzky-Golay filter (Savitzky & Golay 1964 ) (of second order, in a two-days window span) with iterative 3σ clipping, which is better than a simple median filter, and repeated all the above. We note that KOI 1574.03 and KOI 1574.04 show no significant TTVs -but the error bars are quite large for such shallow and short-period candidates.
Global fit
We derived the final system parameters (given in Tables 2 and  4 , illustrated in Fig. 2 ) by simultaneously fitting all four signals. We iterated the procedure below and the background long-term trends fitting several times till convergence, and report the final iteration here. We used circular orbits for all signals, but we allowed the phase of all Kepler-87 b & c transits to be set relative to the closest time of mid-transit, and optimized for these times as well. This perturbed-circular fit is valid in the small TTVs regime only, and indeed the largest TTVs detected are about 7.5 · 10 −5 of P 01 and 6 · 10 −4 of P 02 . The scaled semi-major axis a/R * parameter was common to all candidates: as in OD13 we scaled it by Kepler's third law for each candidate. The final fit therefore included these parameters: one a/R * , four planet radii r p /R * , four impact parameters b p /R * , eleven T mid for Kepler-87 b, four T mid for Kepler-87 c, and two linear parameters (P and T mid ) for each of KOIs 1574.03 and 1574.04 -a total of 28 floating parameters. Once initial results suggested the proximity of Kepler-87 c to the HZ (below), and since the relevant parameter a/R * is usually both the most difficult to fit (has the largest error) and may have some sensitivity to the initial starting point, we ran twelve 5 · 10 5 -step MCMC fits that allowed all the variables to float -each with a different a/R * starting points evenly sampled between half and twice our initial estimate. We then checked that all twelve parameters sets converges on consistent values to 1σ on all parameters. The total of the 12 chains exhibited a smooth distribution of values up to ∆χ 2 < 100 (relative to the global minimum) so we considered as "burn-in" of each MCMC chain as all the steps before the first time ∆χ 2 < 100 was reached, relative to the global minimum, and concated all these truncated chains (as in Tegmark et al. 2004) to one very large, nearly 6 · 10 6 steps long, chain that was used for parameter estimation. The final linear ephemeris for Kepler-87 b and c and their error bars were computed from the distribution of fits to the different T mid along the MCMC chain. We note that the final a 01 /R * is smaller than the linear one (given in OD13), as expected: the linear ephemeris fit caused the average signal to appear smeared, and therefore with artificially higher a 01 /R * .
The equilibrium temperature of exoplanet Kepler-87 c is mostly derived from the above model's a/R * axis and the host star T eff using:
However, the planetary atmospheric parameters flux redistribution factor f and Bond albedo A B are completely unknown, and have a large effect on the resultant T eq . "Conventional" values would assume efficient redistribution of the stellar flux ( f = 1) and Earth-like albedo (A B =0.3), and these lead to T eq,02 =403.3, or just hotter than the inner edge of the habitable zone. However, f and A B are completely unknown and can vary considerably. Such changes in any of f or A B can lower the T eq,02 to well within the HZ. , and indeed they exists, and this means that: (a) Kepler-87 b and Kepler-87 c are indeed interacting planets in the same system, and (b) we can try to determine the masses of both planets.
Transit timing variations
We used the hybrid symplectic integrator within the Mercury package (Chambers 1999 ), which we have run with a constant time step of 0.5 days, i.e. less than 1% of the orbital period of the P 01 planet. We assume co-planar orbits, well justified from the transit fitting (see Table 4 ), which together with the stellar and the two planetary masses result in 11 free parameters for the 15 measured transit timings. The two inner planet candidates Given the stellar mass from the spectral analysis as well as the orbital periods from the light curve, a reasonable set of start parameters can be estimated from the ratio of the TTV amplitudes and the phase of the TTV variations. From preliminary stability calculations the eccentricity could also be limited to be less or equal to about 0.1. We use the IDL routine mpfit, a Levenberg-Marquardt optimization, to fit the calculated transit timing variations as function of the stellar and the two planetary masses, the semi-major axes, eccentricities, lengths of periastron, as well as mean anomalies at t = 0. We then use this fit to generate 2500 random starting values within the error range provided by mpfit and converged them as well. From the resulting sample we derive histograms of for the parameters which allows to obtain mean values and uncertainties. Figures 5, 6 , and 7 shows the resulting distribution of the stellar and the planetary masses.
We like to note that the mean stellar mass derived from the TTV analysis is close to the spectroscopic mass derived with the stellar density constraint (Sect. 2). The fit parameters are listed in Table 4 . The mean masses for the two planets are 6.4± 0.8M ⊕ and 324.2± 8.8M ⊕ for the Kepler-87 c and b planets respectively. The bulk densities of the planets are determined to be ρ 01 =0.729± 0.026and be ρ 02 =0.152± 0.019 g cm −3 , so the inner planet is a Jupiter mass planet with a Saturn-like density while the outer planet is a very low density planet in the superEarth mass regime. The eccentricities are low, i.e. the 3 σ errors are within the stable regime which allows eccentricities below about 0.1. Within the uncertainties, the lengths of peri-astron of the two orbits are aligned.
While the total number of measurements is larger than the free parameters, the number of TTV measurements for the outer planet (4) is low. The TTVs of the outer planet are mainly constraining by the mass of the inner planet (TTV amplitude), the eccentricity and periastron length of the outer planet (phase shift against TTV of inner planet and shape of TTV), by the mean anomaly of the outer planet (time of first transit) as well as by the mean orbital period of the outer planet. At first, it seems that the problem is over-determined, but these parameters are also constrained by the TTVs of the inner planet, however, more indirectly from the overall dynamical behavior of the three-body system. We therefore also analyzed the TTVs with a restricted set of parameters, i.e. we fixed the eccentricity and the length of periastron of the outer planet to their mean values. This does not change the results.
The deviations of the observed and simulated transit timings of the fit are presented in Fig. 3 and Fig. 4 , the latter showing the residuals. The reduced χ 2 is 0.8. We also risk and attempt to predict the times of mid-transit for the next few years (see Table  3 ), but we note that the seemingly over-determined solution to Kepler-87 c make it difficult for us to put reliable error bars on the prediction. We do that mainly since comparing future observations of such timings with the predicted ones given here offer the quickest way of checking if corrections to the model given in this paper are needed. This is quite likely, since the current observations cover the ≈ 550 days short term interaction cycle but do not cover the longer term interaction cycle of > 3000 days.
The minimum mutual Hill distance for the mean fit parameters is 4.7, which makes a long-term stable configuration plausible. Nevertheless, we integrated the orbit for 8 Gyr, i.e. the expected age of the system to ensure the dynamical stability, and found it to be stable. 
Discussion
We presented the dynamical confirmation of two long period low-density transiting planets using transit timing variation, as well as the initial detection of two transiting super-Earth sized planet candidates, all in the Kepler-87 system. Kepler-87 c is the longest-period confirmed transiting planet around a single star, and Kepler-87 b has the third-longest period, after the previous record holder Kepler-30 d . Batalha et al. (2013) strengthened the case for the paucity of short-period (< 10d) giant planets in multiple systems (Latham et al. 2011) . However, this paucity seems to be less severe for longer periods giant planets such as Kepler-87 b. Particularly, the KOI 1574.04 planet candidate was not detected neither in the Q0-Q6 data (Batalha et al. 2013) nor in the Q1-Q12 data (Tenenbaum et al. 2012) .
The most important feature of the Kepler-87 system is its two low density planets (Fig. 8) . While Kepler-87 b (ρ 01 =0.729 ±0.026 ) has mass and radius that put is directly in the center of It is obvious that Kepler-87 c occupies a unique position on this parameter space as the lowest-density planet for its super-Earth mass range. Some planet names were shortened so that "K-X" stands for the planet Kepler-X, and similarly "C-X" and "H-X" stand for "CoRoT-X" and "HAT-P-X". Solar system planets are designated with a letter with no error bars. We note Kepler-87 b is beyond the scope of this figure (see discussion in the main text).
the general distribution of giant planets, Kepler-87 c (ρ 02 =0.152 ±0.019 ) is anomalously low-density for its mass, similar to that of the least dense very hot Jupiters (e.g. Hartman et al. 2011) . However, the Kepler-87 planets are rarefied despite the fact that they are neither strongly irradiated nor young. Such low densities suggest that a significant mass fraction can be attributed to Hydrogen and Helium. While common for giant planets, such a composition is non-trivial for planets less massive than 10M ⊕ such as Kepler-87 c which at no point in its history had the canonical critical mass for the starting of gas accretion of 10M ⊕ . Comparing these low densities to previously known planets is difficult since there are very few similarly long-period transiting planets, but the few known circumbinary planets already include Kepler-35 b (Welsh et al. 2012 ) which has a density of 0.410
−0.069 g cm −3 -intermediate to the Kepler-87 planets. Importantly, there is no simple analogue to the low density of Kepler-87 c.
Initially this result seemed baffling to us. However, the above solution exhibits strong self-consistency between different determinations of some of the variables: the stellar mass from spectroscopy agrees with the stellar mass from dynamical modeling, and the semi-major axes from light curve fitting + stellar model agree with semi-major axes from dynamical model. From a theoretical stand point, Rogers et al. (2011) attempted to put limits on the masses of similarly-sized Kepler candidates and found that even low-mass low-density planets were possible in the general framework of core-nucleated accretion using plausible disc configurations. They found that a planet with a radius of 6R ⊕ like Kepler-87 c and an equilibrium temperature of 500
• K would have a mass of 6.4M ⊕ if ≈ 20% of its mass were made of a gaseous envelope (assuming ice-rock interior, and H/He in protosolar proportions). Correcting for the lower equilibrium temperature of Kepler-87 c (T eq =403.3), its envelope mass fraction is probably somewhat higher than that. Planets such as Kepler-87 c, as well as the highly irradiated Kepler -11 and -36 systems Carter et al. 2012) , demonstrate that the great compositional variety that was found for gas giants also extends down to planets with masses intermediate between Earth and Uranus. We believe that the two large planets of the Kepler-87 system present an opportunity for detailed study of exoplanet interior structure: residing at a relatively large orbital distance they are significantly less affected by the extreme insolation, that on shorter period planets may produce inflated radii on the one hand and mass loss due to irradiation driven atmospheric escape on the other hand. Furthermore, the host star is at a stage of its evolution that is relatively age-sensitive, making the system age relatively well determined. This relatively benign and constrained environment should make the two planets more amenable to modeling.
The end of the Kepler mission also presents an interesting case were ground-based photometric follow-up of Kepler planets is very desirable: the systematic uncertainty associated with the low number of data points means that additional observations are of significant value. On the one hand, Kepler-87 b is an easy target (0.5% depth) to better Kepler's 2-plus-minutes timing precision, and almost any-precision detection of Kepler-87 c will be worthwhile due to its very large amplitude TTVs. On the other hand, due to their long periods and large host star both planets exhibit long transits of about 12hr and 15hr, which means full transits probably need a multi-site campaign. Note the accumulated effect of TTVs are very significant and can be even more than a day already in the near future (see Table 3 ).
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